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Proposition for suitable housing system in Nepal by 
introducing the new technology from Japan
PAUDEL,…Sundar*
Abstract:
　Due…to…the…poor…concrete…masonry…structure…system,…Nepal…has…suffered…huge…losses…both…
lives…and…property…in…the…Great…Gorkha…Earthquake…occurred…in…2015.…Nepal…has…learnt…many…
lessons…on…building… issues…after…the…earthquake…disaster.…Now,…Nepal…has…entered…into…the…
phase…of…reconstruction…works…with…new…and…revised…building…systems…and…codes.…Masonry…
and…Reinforced…Concrete…（RC）…buildings…are…abundant…throughout…Nepal.…Researchers…have…
shown…that…the…structures…of…concrete…buildings…are…unreliable…and… ineffective…to…seismic…
force…as… the…materials…used… in… the…construction…are…very…poor… in…quality…and… less… than…
required…quantity.…Even…their…failure…against…earthquake…resistant,…they…are…still…going…to…be…
used…for…reconstruction.…Contrary…to…RC…buildings,…traditional…architecture…residential…houses…
have,…somehow,…shown…less…impact…against…the…seismic…forces.
　Studies…on… the… traditional…buildings…were…carried…out… in… the…High-Hill,…Mid-Hill… and…
Terai…Regions.… In…the…studies,… settlement…aspects,…building…structure,…building…materials,…
construction… technology,… safety,… healthy… and… amenities…were… considered.…To… study…
drawbacks…of… the…construction…technology…surveys…on…building…structures…were…carried…
out…by…field…visits…and…questionnaire…method…directly…to…the…earthquake…victims… in…June,…
2015…in…Kathmandu…valley.…The…results…showed…that…the…main…cause…of…destruction…was…the…
weak…structural…design…and…method…and…practice…of…construction.…
　As…one…of… the…alternatives,…we…proposed…a…new…method/technology;-…a…combination…of…
2…by…4…method…and…Japanese…traditional…Post…&…Beam…technology…similar…with…Nepalese…
traditional…method.…The…main… objective… of… this… study… is… to… evaluate… the… feasibility,…
applicability…and…usability…of…the…wooden…house…built…by…this…new…method…in…Nepal.…This…
research…study…also…attempts… to… introduce…and…establish… the…new…technology… in…Nepali…
housing…sector…that…could…stand…against…the…earthquake…as…well…as…provides…comfort…and…
＊… Doctoral…Program… in…Graduate…School…of…Regional…Development…Studies,…Course…of…Regional…Development…
Studies,…Second…Year…Students.…Toyo…University.
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better… living…environment.… In…addition,…cultivating…and…exploring…stable…and…sustainable…
sources… for… timber…and…housing…materials…are…also… integrated…parts…of… this…study…as… for…
future…perspectives…on…localizing…safe,…reliable…and…comfortable…wooden…houses…in…Nepal.
Key Words:
traditional…residential…housings,…earthquake…resistant…housing,…post…&…beam…method,…2×4…
method/technology,…
1. Introduction
　Striving…to…make…buildings…more…sustainable,…while…saving…construction…and…operating…
costs…and… improving…health…and…occupant…wellbeing… is…not…only…possible…and…practical,…
it… should…be… the…goal…of… the…building… industry.（1）This…paper…outlines… the…brief… studies…
of… traditional… residential…buildings… in…various…parts…of…Nepal…with…different…geological…
regions.…Three…communities…namely:…Tharu…community,…Gunrung…community…and…Tamang…
community…are…considered…as…representatives…of…Terai…region…in…Nawalparasi…（70m…to…700m…
asl.）;…Mid-Hilly…region…of…Dhampus…（2000m…asl.）;…and…Hilly…region…in…Rasuwa…（upto…3500m…
asl.）…were…selected…for…the…study.…As…different…topology…of…Nepal…has…different…bio-climatic…
situations;…thus,…there…are…different…types…of…residential…houses…with…different…designs…and…
made…of…different…abundant…materials.…Wood…frame…with…mud…and…adobe…wall…with…thatched…
roof… is…common…in…Terai…region,…whereas…masonry…wall…with…wood…frame…and…stone…slate…
is…popular… in… the…Hilly…regions.…Apart… from…these,…wooden…structure…housing…has…being…
exercised…in…Rasuwa…district…of…the…High-hill…region.
　The… increasing…trend…of…migration…of…village…and…countryside…peoples…due…to…economic…
reasons…has…escalated…housing…demands… in… the…urbanized…areas.…However,… the…modern…
buildings…（mid-high…rise…buildings）…that…recently…proved…fragile…against…the…earthquakes,…
have…been…constructing…in…order…to…fulfil…the…required…house…units…due…to…the…rapid…growing…
population…in…Kathmandu.…Furthermore,…as…the…conventional…construction…system…requires…
long…period…of…time…it…has…been…unable…to…fulfill…the…demands…of…house…units…on…time.
　The…conventional…concrete…buildings…are…most…common…residential…for…Nepalese…society.…
Over… the…period…of… time,… researches…have… shown… that… the… structures…of… the…concrete…
houses…are…unreliable…and…ineffective…to…earthquake…（Bilham…2010）（2）.…Alike…Haiti,…many…
developing…countries…around…the…world…have…disregarded…standard…construction…techniques…
due… to… the… lack…of… resources,…knowledge…and… labor.…Because…of… the…minimal… resources,…
the…Haitian…constructions…of…recent…buildings…and…those…which…were…collapsed…in…the…2010…
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earthquake…were…all…compacted…with…poor…concrete…mixes…（Fierro…2010）（2）.…In…the…context…
of…Nepal,…concrete…used… in…the…constructions… is…poor… in…quality.…As…a…result,…most…of… the…
structures…during…the…earthquake…had…collapsed…and…left…heavy…causalities.…
　The…surrounding…social…atmosphere…of…Nepal… is… far…different… from…those…of…developed…
countries… like… Japan… and…America.…Although… concrete… structure… has… poor… indoor…
environment…and…seismically…weak…structures,…concrete…buildings…are…highly…assigned…to…
the…higher…social…status…rather…than…rock,…mud…or…wooden…buildings.…
　After… the… Gorkha… earthquake… in… 2015,… Nepal… has… entered… in… the… new… era… of…
reconstruction.…People…are…looking…for…opportunity…to…discuss…about…the…new…materials…that…
could…possibly…be…alternatives…for…safety…and…healthy…residential…with…structurally…strong…
enough…to…seismic…forces.
　In…this…study,…two…wooden…model…houses…were…built… in…Pokhara…by…a…newly…developed…
method/technology;-a…combined…2…by…4…method…of…shear…wall…with…Nepalese… traditional…
Post…&…Beam…technology…similar…with…Japanese…Post-beam…method.…The…share…wall…of…2×
4…technology…with…load…calculation…was…conducted…under…Japanese…construction…law.…This…
study…attempts…to…evaluate…the…feasibility,…applicability…and…usability…of…the…wooden…house…
built…by…the…new…method…in…Nepal.
2. Targeted Study Area
　The…traditional…buildings… in…the… ①…Terai…region…（more…than…70m…high）,… ②…Mid-
hilly…region…（more…than…2000m）…and… ③High-…Hilly…area（Upto…3000m）…were… focused…
and… analyzed…within… this… study.…This… research… focused… on…Tharu… community… as… a…
representative…of…Terai…region…from…70m…to…600m…of…height…area,…Gurung…Community…as…a…
representative…of…Mid-…hilly…region…from…700m…above…in…altitude…and…Tamang…Community…
as…a…representative…of…High-…Hilly…regions.
Fig. 1:  Represent the topology of Nepal from plain lowland to higher altitude in northern 
part with different housing patterns
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　The… fig.1… shows… that… traditionally…Nepal… has… its… unique… and…peculiar… architecture…
representing…culture…and… living…patterns…of…Nepal…depending…on…the…different…altitude…of…
Nepal.…Traditional…buildings…or…architecture…were… intact…before… the…first…half…of… the…20th…
century（3）One…of…the…most…beautiful…aspects…of…vernacular…styles…is…use…of…local…materials…
in… their…natural… texture…and…colors,… that… the…building…as…a…whole…seem…to…be… in…perfect…
harmony…with…surrounding…natural…environment…and…local…sociocultural…context.（4）
Fig.2 Examples of vernacular houses in different parts of Nepal
　Entering… into… the… civilization,… people… started… constructing… buildings… using… local…
materials…mainly…wood,…mud,…straws,…thatched,…stone…as…their…primary…dwelling.…The…local…
availability…of…certain…building…materials,… in…particular…mineral…based…materials,…depends…
on…the…geology…of…the…location.…Traditional…architecture…as…shown…in…Fig.2…is…the…result…of…
hundreds…of…years…of…practice…and…optimization…to…provide…comfortable…shelter…using…local…
material…in…local…area…engrossed…by…the…local…people,…resources…and…knowledge
…
2.1 Traditional buildings in Terai Region
　As…shown…Fig.…3,…in…the…Tharu…village,…houses…are…arranged…in…one…single…row…along…the…
road…with…wide-open…yard… in… front…house… facilitating…easy…penetration…of…air… throughout…
the…house.…Most…vernacular…houses…have…only…one…single…floor…or…two-…storey…with…ground…
floor…having…mezzanine… for…grain…storage.…The…spatial… form…of…dwellings…has…provided…
undivided…space…that…allows…better…air…circulation…allowing…cool…air…under…the…eaves.…Tharu…
houses…have…high…ceilings…and…walls…made…of…a…mixture…of…mud,…dung…and…straw.…These…
local…materials…do…not…only…make…the…dwelling…cool…and…comfortable…in…the…hot…climate…of…
Terai…region,…but…also…easily…repaired…after…damaged…by…the…monsoon…rain.…Open…spaces…as…
courtyard…are…for…different…social…purposes…where…people…gather…and…organize…talking…with…
various…events… in… the… locality.…Although…these… traditional…houses…have…advantages… like…
sustainability…and…biodegradability,…but…they…are…not…safe…seismically.
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Fig.3 Typical houses in Terai region, Pithauli
2.2 Traditional buildings in Mid- Hilly Region
　Dhampus…village…in…the…Mid-hilly…region…of…Nepal…ranging…from…700m…to…2000…m…is…one…of…
the…most…beautiful…places…situated…on…the…lap…of…Himalayas,…full…of…natural…flora…and…fauna,…
which…has…become…important…regenerative…resources…for…its…building…materials.…An…ancient…
architecture…of…Gurung…ethnic…group…has…chosen…for…the…study.…The…study…was…focused…on…
the…settlement…patterns…that…aligned…linearly…in…east-west…direction…along…the…contour…lines…
without…having…any… fixed…orientation.…Gurung…houses… in…Dhampus…region…are…compact,…
rectangular…and…oval…shapes.…Houses…are…made…of…stone…masonry…incorporated…with…timber…
elements…have…revealed…several…earthquake-resistant…features…（5）…（6）…（7）
　The…settlements… in…this…area…are…unplanned…and…scattered…along…the…trail…as…shown… in…
Fig.…4b.…Most…of… the…houses…are…concentrated…on…the…center…and…made…up…of…stones…and…
rubbles…comprising…almost…entire…of…the…housing…materials.…Roof,…wall…and…foundation…are…
made…of…stones,…and…plastered…with…red…and…white…mud…giving…beautiful…appearance.… In…
two…storey…house…the…ground…floor…has…multi-functional…kitchens,…bedroom…cum…living…room…
and…a…store.…Having…two…kitchens…is…common…in…Gurung…community.…One…kitchen…is…used…
for…daily…cooking…and…warming,…and…the…other…one… for…preparing…homemade…beverages.…
The…upper…floor…was…used…for…bedrooms…and…storage…purposes.…Flat…sawn…timber…staircase…
is…situated…in…the…corner…of…the…ground…floor.…The…latrines…are…situated…outside…the…house.
　In…the…second…floor,… longer… façade…has…enhanced…solar…gains…keeping…the…house…warm…
and…bright.…“Agan”…a…wide…threshold…（Fig…4a）…at… the… front…of…house… is…used… for…storing…
firewood,…drying…grains…and…as…gathering…space… for… traditional… functions.… In…spite…of… its…
traditional…flavor…and…timber…framed…constructions…they…are…still…unsafe…for… living…due…to…
non-engineered…construction.…
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Fig.4a  Typical houses in mid-hilly region, 
Dhampus
Fig.4b unplanned settlements（Source: 
Research done by Tokyo University Hara 
Laboratory）.
2.3 Traditional buildings in High- Hilly Region
　Rasuwa…district… lies…between…northern…part… of…Kathmandu…and… southern…Tibetan…
border.…Study…village…in…Rasuwa…is…surrounded…by…high…peaks…of…great…panoramic…paradise.…
Goljung…and…Gatlang…villages…are…especially…famous…for…Tamang…ethnic…group…and…is…rich…in…
culture,…architecture…and…lifestyle.…Tatopani…is…especially…famous…for…its…houses…of…wooden…
structure…built…with…stone…foundation,…and…beautifully…decorated…with…Tamang…colors…and…
paintings.…This…area…is…particularly…chosen…for…the…study…on…wooden…houses…that…existing…
in…Nepal…hill…areas…from…the…past.…The…structures…are…built…by…post-beam…elements…whereas…
walls…are…built…by… local…wooden…cladding.…The…houses…were…built…using… local…material…by…
local…craftsmen.
　During… earthquake… these…houses…have… shown… less…damages… force… suggesting…high…
resistant…against…the…seismic…force.…However,…lack…of…insulation…and…gaps/openings…on…the…
walls,…ceilings,…doors…and…windows,… the… indoor…environment… is…not…preferable… for…severe…
cold…during…the…winter…season…in…such…mountainous…areas.
Fig.5 Typical houses in high-hilly region, Rasuwa（Tatopani）
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3. Modern Buildings （Architectures） of Nepal
　Poorly… constructed… reinforced… concrete…multi-story… buildings… have… become… the…
replacement… of… traditional… construction… forms… and…with… little… effective… on… social…
understanding…or…demand… for… seismic…quality,… and…shortfalls… in… the…governmental…and…
legal… framework… that…would…ensure… it,… a…huge…vulnerable…building…stock…has…emerged…
over…a…wide…region…of…developing…countries…（Gulkan…2004）（8）While…rampant…poverty,…rapid…
population…growth,…and…lack…of…awareness…of…earthquake…risk…are…believed…to…be…the…cause,…
poor…building…performance…has…been…singled…out…as…the…most…important…constituent…source…
of…the…ever-increasing…earthquake…risk…in…Nepal,…GESI（9）.…
Fig.6 Modern Buildings in City Area, Kathmandu & Pokhara
　To…study…drawbacks…of…the…construction…technology…in…Kathmandu…surveys…of…building…
structures…were… done… in… June… 2015.… Surveys…were… carried… out… by… field… visits,… and…
interviewed…earthquake…victims.…Total…of…40…local…households…were…interviewed…in…order…to…
understand…their…perception…on…future…residential…buildings…in…Kathmandu.…
　In… the…Gorkha…earthquake…（April,… 2015）…nearly…9,000…people…had… lost… their… lives…due…
to… the…collapse…of…unreinforced…walls…of… the…modern…RC…buildings.…RC…buildings…were…
destructed… from…the… foundation… following…the…collapse…of… infill…walls…suggesting…that… the…
owner…supervised…non-engineered…houses…are…highly…vulnerable… to…earthquakes（10）.…On…
the…other…hand,…these…buildings…are…uncomfortable…for…living…environment…as…RC…buildings…
are…severely…hot…in…summer…and…extremely…cold…in…winter,…especially…in…the…hilly…regions…
due…to…poor…insulation.
　Nowadays,…concrete…buildings…are…the…main…housing…system… in…Nepal.…Housing…colony…
with…2… to…3…story…houses…with…fine… infrastructure…of…drainage,…drinking…water,… security,…
community…gathering…and…etc.,…is…taking…huge…demand…and…market…in…the…urbanized…cities.…
High-rise…concrete…buildings…are…the…symbols…of…the…city…but…people…have… lost…their… faith…
over…it…after…the…occurrence…of…heavy…causalities…caused…by…the…earthquake.…
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4. Gorkha Earthquake 2015
　While…rampant…poverty,…rapid…population…growth,…and…lack…of…awareness…of…earthquake…
risk…are…believed… to…be… the…cause,…poor…building…performance…has…been…singled…out…as…
the…most… important…constituent…source…of… the…ever-increasing…earthquake…risk… in…Nepal,…
GESI（9）.…Fig.7…shows…the…overturning…and…collapsing…the…wall…of…buildings…during…Gorkha…
earthquake.
Fig.7 Gorkha earthquake devastation
5. Methodology
　The…methods…used…in…this…study…are:
▶　Study…on…the…present…situation…of…traditional…buildings…in…various…parts…of…Nepal.
▶　Survey…on…aftermath…of…the…earthquake…on…modern…buildings…in…Kathamandu…Valley,…
and……
▶　Analysis…of…the…proposed…new…method…and…materials…for…wooden…house.…
　Studies…on… the… traditional…buildings…were…carried…out… in… the…High-hill,…Mid-hill… and…
Terai…regions.… In… the…studies,… settlement…aspects,…building…structure,…building…materials,…
construction…technology,…safety,…healthy…and…amenities…were…considered.…Due…to…difficulty…
in… identifying…housing…components… in…row…houses,… isolated…houses…were…chosen.… In… the…
study,… twenty…stone…and…adobe…houses…were…chosen… from…Dhampus…and…Kaski…areas;…
twenty…thatched…houses…were…chosen…in…Terai…region;…and…ten…wooden…houses…in…the…Mid-
hilly…area…of…Rasuwa…district.…
　To…study…drawbacks…of… the…construction…technology… in…Kathmandu…valley,… the…survey…
of…building…structures…was…done… in…June…2015.…Survey…was…carried…out…by…field…visit…and…
interviews…with… the…victims…of… the…Earthquake.…Total…of…40…unit… local…households…were…
also…interviewed…in…order…to…understand…their…perception…on…future…residential…buildings…in…
Kathmandu…valley.
　As…method…of…this…study,…experimental…design…of…new…technology…of…2…by…4…method…in…
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Japan…and… traditional…way…of…post-beam…method…combined… to…established…model…house…
in…Kaski…district…of…Nepal.…Taking…account…on… inherent… technology,…model…house…with…
technologically…fusion…of…traditional…features…with…2…by…4…of…Japanese…housing…technology…
has…been…built…and…established…to…collect…the…views…from…respondent.…
6. Result and discussion
　The…field…visit…of…three…different…regions…of…Nepal,…the…structural…details,…house…patterns,…
and…materials…were…analyzed…which… is…presented… in… table1…as…outcomes… from…survey…
in…respective…region…of…study.…To…study…drawbacks…of… the…construction… technology,… the…
survey…of…building…structures…was…done…by… the…Field…visit… and…questionnaire…method…
directly…to…the…victims…of…the…earthquake…2015,…in…June…2015,…in…the…Kathmandu…valley.…The…
survey…was…also…done…on…the…Earthquake…performance…and…damage…patterns…of…modern…
existing…RC… frame…construction,…masonry…and…old…houses.…Hereby,…hearing…survey…was…
done…to…40…unit…households…to…know…the…perception…of…the…people…for…the…future…residential…
buildings…in…Kathmandu…valley…as…shown…in…table…2.…
6.1 Outcomes from Survey （1）
　The…outcomes… from…traditional…housing… in…different…parts…of…Nepal…are…discussed…as…
follow:
Table 1 Houses regarding altitude, availability of Building materials, and Structural details.
Region Building…material
Type…of…Structures
（Roof…&…Wall）
Sub…type
Terai…Region
70m…to…600m…Height
Abundant:…wood,…
mud,…straw,…
bamboo,…daub,…
other…biogenic…
materials,…sand,…
gravel
Adobe/Earthen…
unreinforced…walls
1.Mud…walls…with…straw…and,…bamboo…
2.Adobe…block…walls
Rammed…earth/PISE…construction
Load…bearing…timber…
frame
1.Thatched…roof…/Walls…with…bamboo…
Mesh…
2.…Post…and…beam…frame（not…tied）
Mid-Hilly…Region
Height…varies…from
700m…to…2000m
Abundant:…wood,…
Stone,…block,…other…
biogenic…materials,…
mud,…sand,…gravel
Unreinforced…masonry…
infill…walls
Wood…post…and…beam…
structure.
1.Brick…masonry…in…Mud/lime
2.Wood…used…for…Post…and…Beam…
with…weak…join…and…juncture
Roof…wood…structure Wood…rafting/…shaft/Purlin.…Timber…
roof
High-…Hilly…Region
Height…Upto3000m
Wood,…stone,…
bamboo,…mud
Wooden…structure…with…
reinforced…walls
1.wooden…wall,…rammed…earth
2.Corrugated…metal…roof,…stone…slate…
and…no…proper…joint…between…roof…
and…wall
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6.2 Outcome of Survey （2）
The…detail… study… revealing… the… following…patterns… of… damages/failures… in…RC… frame…
constructions…in…Kathmandu…Valley,…after…the…Gorkha…Earthquake…2015
▶　Shear… failure…and…concrete…crushing… failure… in…concrete…columns…were…extensively…
seen.…These…are…the…most…undesirable…non-ductile…modes…of…failure…（Figure…7）.…This…
behavior…can… lead… to… the… loss…of…gravity… load-bearing…capacity… in… the…columns…and…
potentially…a…total…collapse…of…walls…and…finally…the…building.…
▶　The… low…grade…quality…of…building…materials…and… improper…concrete-mix…design…also…
lead…to…poor…building…structure.
▶　Reduction…in…the…amount…of…rebar…reinforcement,…and…other…building…materials…without…
engineering…as…per…required.
▶　Due… to… the…discontinuous… load…path,…during… the… shake,… the… lateral… forces…are…not…
effectively…transferred…to…the…foundation.…
▶　No…mandatory…of…building…code…
▶　House…owner…have…not…been…taught…by…the…professionals… like…engineer…and…architect…
about…the…proper…design…of…their…residents.
▶　They…are…unknown…about…the…structural…aspects…of…the…buildings
▶　People…are…now…more…conscious…about…earthquake…resilient…and…are…seeking…for…new…
technology…of…housing…system
Table 2: post-earthquake effect on the types of buildings 
in the affected area of Kathmandu valley
Affected…area Types…of…construction Casualties…Noted
Sankhu…of…Kathmandu Masonry…buildings,…traditional…
type15%
Destroyed…completely
Bhaktpur…Near…kathmandu Concrete…frame…structure…65% Few…were…damaged…and……rest…of…
them…were…cracked
Bungumati…of…Lalitpur
（Near…Kathmandu
Mixture…of…concrete…frame…
structure…and…load…bearing…mud,…
brick…type.…20%
New…Buildings…are…cracked…on…the…
wall…and…floor.…Traditional…buildings…
are…mostly…damaged
6.3. Result 
　The…results…showed…that…the…main…cause…of…destruction…was…the…weak…structural…design…
and…construction.…Multi-storied…brick…and…concrete…structures…were…observed…collapsed…
in…Kathmandu…while…masonry…structure… incorporated…with…timber… frame…had…withstood…
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against… the…heavy…earthquake…destructions.… In… order… to…minimize… the… costs,… the…RC…
constructions…were…not…properly…engineered…resulting…destruction…at…the…foundations.…On…
the…other…hand,…vernacular…buildings…shows… less… impact… from…Earthquake.…Moreover…the…
traditional…buildings…are…lacking…of…safety…and…healthy…measurement.
7. Analysis of model wood house:
　Two…wooden…model…houses…built… in…kaski…by…using…2…by…4…method…combined…with…
nepalese… traditional…post…and…beam…technology…were…analyzed.…To…verify… the…effect…of…
lateral…forces…by…earthquake…and…wind（11）（12）…to…address…the…modern…society…and…to…fulfill…
the…desire…of…safe…housing…for…the…people…of…Nepal,…we…introduced…2…by…4…method…as…one…
of…the…appropriate…solutions…to…establish…a… future…housing… industry… in…Nepal.…The…2…by…4…
method…combined…with…Nepalese… traditional…Post…&…Beam…technology…used… in…building…
wooden…houses…has…performed…engineering…calculation…with…terms…of…loads…and…shear…wall…
（Fig.8a,…8b,…14）.
Fig.8a  Floor Plan and details of Model house Fig.8b Section of Model House
7.1. Shear Wall
　Shear…wall…in…the…residential…buildings…comprise…the…vertical…elements…in…the…lateral…force…
resisting…system,…supporting…the…horizontal…diaphragms…and…transfer…the…resultant…forces…
from…external…lateral…loads…due…to…earthquake…or…wind…into…the…foundation（13）.…
　The…shear…walls…provide…resistance…to…sliding,…overturning,…and…racking… loads…applied…
by… external… lateral… force… such… as… seismic… or…wind.…While…designing… the… shear…walls…
comprises…dimensional… lumber… framing…covered…by…sheathing…material…such…as…plywood…
or…OSB…board…using…nails…or…screws.…While… inner…sheathing…by…gypsum…board…enhanced…
more…resistivity…to…the…external…forces…increases…as…it…is…implied…by…earthquake…and…wind.…
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These…walls…provide…resistance…to…sliding,…overturning,…and…racking…load.…Among…various…
method…of…shear…wall…the…perforated…shear…wall…（PSW）…design…was…implied…to…make…2…by…
4…stud…panel…for…share…wall…in…Model…house.…In…PSW…method…the…entire…wall…acts…to…resist…
overturning,…rather…than…a…series…of…individual…full-height…segments.…This…method…is…simple…
to…understand…to…the…local…craftsperson…and…is…more…economical…design.The…strength…of…the…
shear…wall…depends…on…the…many…specimens…of…the…construction…material…such…as…strength…
of…the…sheathing;…spacing…of…the…nails…and…screw…used…to…attach…the…sheathing,…the…panel…
aspect…ratio…and…the…strength…of…the…studs.
Fig.9: Perforated shear wall model（PSW）
7.2 Aspect Ratio
　The…International…Building…Code…（IBC）…and…the…Uniform…Building…Code…（UBC）…place…
limits…on…the…dimensions…of…wood-frame…shear…walls.…These…restrictions…are…based…on…the…
poor…performance…of… tall,…narrow…wood-frame…shear…wall…segments…observed… in…previous…
earthquakes.…The… limits…are… in…the… form…of…maximum…height-to-width…ratios…（h:b）.…The…
maximum…allowable…ratios…are…a… function…of…the…type…of…shear…wall…construction…and…the…
location…（seismic…zone）…of…the…structure.
Aspect…Ratio:…h:bs
　For…wood…structural…panel…resisting…seismic…where…2:1<h:bs…≦
3.5:1multiply…VS…by…2bs/h
For…design… to…resist… seismic… forces,… the…shear…wall…aspect…ratio…
shall…not…exceed…2:1…unless…the…nominal…unit…shear…capacity…（Vs）…
is…multiplied…by…2bs/h
　For…design…to…resist…seismic… force,… the…shear…wall…aspect…ratio…
shall…notexceed…1:1…unless…
the…nominal…unit…shear…capacity…is…multiplied…by…the…Aspect…Ratio…factor
（Seismic）…=0.1+0.9bs/h.…
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　The…value…of…the…Aspect…Ratio…Factor…（Seismic）…shall…not…be…greater…than…1.0.…
　For…design…to…resist…wind…forces,…the…shear…wall…aspect…ratio…shall…not…exceed…1:1
unless…the…nominal…unit…shear…capacity…is…multiplied…by…the…Aspect…Ratio…
Factor…（Wind）…=…1.09-0.09h/bs.…The…value…of…the…Aspect…Ratio…Factor…（Wind）…shall…not…be…
greater…than…1.0.
　While… designing… lateral… loads… generated…due… to… earthquake…may… transfer… to… the…
foundation…via…braced…frames…or…rigid… frames…and…diagonal…rods…or…‘X’…bracing.…Where…
structural…panels…are…used…for…roofs,…floors,…or…walls,… lateral… loads…can…be…accommodated…
through…the…use…of…these…ordinary…vertical…load-bearing…elements.…This…type…of…construction…
is…easily…adaptable… to…conventional… light… frame…construction,… typically…used… in…residential…
houses.
7.3 Shear wall Calculation
　The…necessary…volume…of… shear…wall… and…diaphragm… to…overcome… the… lateral… force…
can…be…achieved…by…shear…wall…calculation.…The…lateral…wind…load…depends…on…the…Aspect…
ratio…while… the… lateral… force…of…earthquake…depends…on…the… floor…area…because… the… load…
exerted…by…lateral…force…of…earthquake…is…ultimately…disseminating…from…shear…wall…to…the…
foundation…creating…the…reaction…to…anchorage…force.…The… load…calculation…was…carry…out…
based…on…the…Japanese…construction…law…of…article…46…comparing…and…balance…check…of…total…
quantity…of…wall…and…Actual…wall…quantity.…The…PSW…function…as…one…unit…with…continuous…
structural…elements…over…each…openings…of…the…wall.
Calculation…Method:…
In…every…axis…of…each…diaphragm,…Actual…wall…quantity…Ld≧…Necessary…wall…quantity…Ln
Where,
　Actual…wall…volume………Ld…=…Σ（Wall…ratio…×length…of…wall）
Wall ratio should be 0.1 ~5.0 （According to Japanese construction law）
Necessary…wall…volume…Ln,…
For seismic Force:…Floor…area…of…each…story×…coefficient…α…of…necessary…wall…volume…
（table…3）
For Wind Force:…Aspect…area…on…each…floor…（2…dimensional）…×Wind…Coefficient
Wind coefficient is 50 （Numerical value of aspect area） 
according to Japan Construction Law
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Table 3 Earthquake Coefficient for necessary wall volume
（cm/m2）
Buildings…Types Floor In…case…of…Light…Roof In…case…of…Heavy…Roof
Single…Storey…Bldg. 1…F 11 15
Double…Storey…Bldg. 1…F 29 33
2…F 15 21
Single Storey Building:
Fig.10 Details of Wall Specimens
A.…Required…wall…Quantity…（m）…to…overcome…seismic…force.
The…calculation…for…seismic…force…when…implied…on…the…buildings…（Fig.…10）
Seismic force= Floor area ×coefficient α （chart 1）
Where floor area （A） =66.21m2    Loft floor area （A`） =43.88 m2
Hence…Wall…Quantity…to…overcome…seismic… force…（eLn）…is0.15m/m2×66.24m2+0.15m/m2×
43.88m2…=…16.52m
B.…Necessary…wall…Quantity…to…overcome…wind…force…
The…calculation…for…wind…force…when…implied…on…the…buildings
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Wind Force: Aspect area on each floor （2 dimensions） ×Wind Coefficient   
Where the aspect area is calculated deducting the height of 1.35m from floor level （FL） 
of building according to the construction law of japan Article 46. The two dimensions of 
aspect area as East-west and North-South orientation is calculated to find the required wall 
to achieve wind force.
Fig.11 Section showing Wall Aspect Ratio
From…the…section…（Fig11）…in…X-…axis…and…Y-axis…the…aspect…ratio…is…calculated…as:
Y-axis…aspect…area:
Roof…area:……2.725×5/10×10.90=14.851m2
(Inclination is 5/10)
Wall…area:…0.81×9.1=7.371m2……
Total…aspect…area:…22.222m2
Required wall Quantity to overcome wind force (wLn) is 
0.50m/m2×22.222m2=11.095m
X-Axis…aspect…area:
Roof…area:…2.725×8.480=23.108m2
Wall…area:…0.81×7.28=5.896m2
Total…aspect…area:…29.004m2
Required wall length to overcome wind force (wLn) is
0.50m/m2×29.004m2=14.502m
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7.4. Result: 
　Actual…wall…volume…Ld≧…Necessary…wall…volume…Ln
　 X…Direction Y…Direction
Required…
Wall…
Quantity…for…
earthquake
Required…
Wall…
Quantity…for…
Wind…
Actual…Wall…
Qty.……………
Earthquake…
safety…Ratio…
Wind…safety…
Ratio…
Required…
Wall…
Quantity…for…
earthquake…
Required…
Wall…
Quantity…for…
Wind…
Actual…Wall…
Qty.……………
Earthquake…
safety…Ratio…
Wind…safety…
Ratio…
…eLn［m］ wLn［m］ Ld［m］ Ld/eLn Ld/wLn eLn［m］ wLn［m］ Ld［m］ Ld/eLn Ld/wLn
1F 16.52 14.502 23.751 1.43Ok 1.63 Ok 16.52 11.095 29.029 1.75Ok 2.61Ok
Fig.12:  Construction of Proposed model hybrid House Using 2×4 panel method with 
PSW shear wall
　The…result… shows… that… the…Model…wooden…buildings…are…strong… for… lateral… forces…by…
earthquake…and…wind… forces.…Hence… these…building…（Fig.12）… is…sufficiently…earth…quake…
resilient…buildings.…
8. Conclusion
　Surveys…on…vernacular…houses… in…mid-hilly,…high…hilly…and…terai…regions…have…revealed…
that… few…earthquake…resistant… features…were… incorporated… in… such… traditional…houses…
although…they…were…not…well…engineered…（Fig…2）.…Implications… from…these… features,…we…
proposed…a…new…building…technology:…a…fusion…of…traditional…and…Japanese…2…by…4…wooden…
housing…technologies.…After… identifying…the…housing…situation… in…Nepal,…disaster…resilient…
houses… in… rural… and…city…area…with…combining…safety…measurement… in… foundation…and…
structure…modification…along…with…affordable,…healthy,…comfort,…culturally…fitted…residential…
housing… is…most…and…necessary… in… this…present… situation…of…Nepal.… In… this… study,…The…
results…of…shear…wall… load…calculation…（Ld≧Ln）…suggest…that…the…wooden…model…houses…
are…sufficiently…earthquake…and…wind…resistant.…One…of… the…main… features…of… this…method…
is… introducing…shear…walls.…This…method…provides…applicability… to… introduce…shear…walls…
in…conventional…masonry…and…RC…buildings,…which…could…avoid…heavy… losses… from…wall…
─ 55 ─
Proposition…for…suitable…housing…system…in…Nepal…by…introducing…the…new…technology…from…Japan
collapse…due…to…the…lateral…loads…caused…by…earthquakes.…Instantly…implementing…building…
code…raised…the…total…cost…of…constructions,…which…is…not…affordable…to…all.…In…order…to…meet…
disaster…resilient…construction,…the…code…of…conduct…on…housing…is…required.…Therefore,…this…
kind…of…new…housing…technology…in…this…paper,…incorporate…with…traditional…building…using…
wood…and…other…local…materials…is…the…suitable…housing…system…in…Nepal.
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日本の技術転換によるネパールでの適切な
住宅構法の提案について
国際地域学研究科国際地域学専攻博士後期課程 2年
パウデル　スンダー
和文要約
　本論では、ネパールの住宅現状を調査し、伝統的な住宅、集落や近代建築構造解析して新
たな住宅建設を提案する目的である。調査をもとに、新たな構法で建設した住宅の居住性、
耐震性の高い木造住宅のあり方についてヒアリング調査を行う。まず伝統的な住居について
はタライ高原（海抜70ｍ～ 600ｍ）と中間地（海抜２000ｍまで）と山間地（海抜3000ｍまで）
を調査し、それぞれタル族、グルン族とタマン族の伝統的な住宅について構造、材料、間取
り、住環境を分析した。伝統的な建物（traditional…architecture）は経年的な変化によって
歪みが生じている。しかし、近代化に伴い建設作業過程も変化し、在来の材料の調達が限定
的になり、伝統的な技術に精通する技術者・大工も減少し、同じ構法で建てるのは困難になっ
ている。一方で、伝統的な住居は、①近代的な住生活が普及するにつれ、室内の温度、湿度
管理の面で居住性に問題があること、また②今回の大地震により耐震性に優れず、材料の組
み合わせが、十分でない構造体であることが明らかになった。同時に、都市化によって人口
が密集したカトマンズやその周辺部では、建設は普及しているが、耐震強度が不足する鉄筋
コンクリート造や、石やレンガのブロックを積み上げて作った租積造の建築でも多くの倒壊
が発生した。
　今後の住宅建設に際しては、安全で快適な住宅の供給が大きな課題といえる。ネパールの
在来構法は架構式で日本の伝統的な木造住宅の構法と基本的に類似している。そこで日本の
２×４工法をネパールの在来工法と組み合わせてハイブリッド化し、強度な耐震の木造住宅
を実験的に建設し、普及モデルとして公開した。この住宅を対象にして強度実験（壁量計算）
をおこなったところ、十分に対応が可能であるとの結果を得た。2×4構法は比較的簡便な技
術であり、在来構法を基に短期間の訓練で習得可能であることから、現在のネパールでは適
正な技術と考える。ネパールに固有な山間地でも木材は運搬、加工が容易で、高度な技術も
不要なので住宅建設に適応性のある材料といえる。安価で耐震性に優れ居住性に優れている
ハイブリッドな木造住宅をネパールの今後の一般的な住宅モデルとして追究していきたい。
─ 58 ─
キーワード：…traditional…residential…housings,…earthquake…resistant…housing,…post…&…beam…
method,…2×4…method/technology,
… 伝統住宅、耐震住宅、ポスト＆ビーム構法、２×４構法
